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Abstract

Identification techniques of the three
different chronic cerebrospinal venous
insufficiency patterns and related treatment
options are in an initial phase of evaluation
and analysis. Our purpose is to describe the
appropriate management, proposing a tai-
lored approach for each one. We identified
three different Méniére syndrome patients
in our Audiology Department, diagnosing
the corresponding chronic cerebrospinal
venous insufficiency pattern by Echo-color
Doppler ultrasound evaluation and treating
by venous angioplasty or rehabilitative
treatment according to the internal jugular
and vertebral veins anomalies found in each
patient. According to the pattern, after spe-
cific treatment, echo-color-Doppler control
analysis revealed a normalized venous out-
flow correlated to Méniére symptoms
reduction and/or progressive disappearance
during one year follow up. An adequate
analysis of venous cerebral and ear outflow
and a tailored treatment may represent an
effective option when chronic cerebrospinal
venous insufficiency is correctly diagnosed.

Introduction

Cerebrospinal nervous system drainage
was initially analyzed by Zamboni, identi-
fying the possible anomalies of extracranial
venous system responsible of chronic cere-
brospinal venous insufficiency (CCSVI),!
classified among truncular venous malfor-
mations (TVM).2 These malformations
occur during fetal life, causing by an altered
development of the vascular trunk, with the
consequence of possible venous anomalies
as hypo or hyperplasia of the venous sys-
tem, as well as intraluminal defects as fibro-
sis, septum and/or incomplete valve.

The innovation of these studies and the
following literature of the last years is the
fact that, before them, venous anomalies
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were considered as simple and irrelevant
anatomical variants, without a clinical sig-
nificance, because of: i) limited anatomical
and physiological knowledge; ii) extreme
interpersonal variability; iii) lack of codi-
fied parameters that could allow to identify
and classify these venous anomalies.

The consequence was that the limited
and never deepened understanding of the
anatomy variants and pathophysiology
mechanisms of extracranial venous system
may consequently underestimate the impact
and importance of cerebral and ear venous
drainage abnormalities as well as their role
in a variety of central nervous and ear sys-
tem disorders. However CCSVI is currently
well know, identifying three different pat-
terns, according to the presence of vascular
defects and/or extrinsic obstacle as muscle
compression,? that we have identified in
three distinct patients afferent to the
Audiology Department of our hospital.

Ethics board approval and patient publi-
cation consent form was obtained for this
case series.

Case #1

A 65-years-old woman was admitted to
our Audiology Department for progressive
hearing loss, (mainly in the right ear) asso-
ciated to continuous and fastidious tinnitus
and dizziness episodes with increased inci-
dence in the last 15 year (weekly basis).
Previous medical treatments used did not
give effective and durable benefits to her
condition. Cerebral computed tomography
and magnetic resonance (MR) imaging
scans were negative, while an audiometric
exam confirmed a chronic right sen-
sorineural hearing loss. Cerebrospinal out-
flow Echo-color Doppler (ECD) ultrasound
evaluation of vertebral veins (VV) and
internal jugular veins (IJV) both in supine
position and upright was performed to
assess the hemodynamic criteria of CCSVI,
revealing a complete septum in the junction
of right IJV and subclavian vein (the first
part of J1 segment) with consequent out-
flow acceleration (Figure 1A), while left
1JV revealed an hypoplasia in all the three
assessed segments. These findings were
confirmed by selective venography of both
1JVs (Figure 1B), while analysis of Azygos
vein (AV) reveled the absence of anomalies,
so we proceeded to a balloon dilation of
right IJV (16-mm-diameter and 40-mm-
long balloon for J1 right segment) using a
MAXI LD dilation catheter (Cordis,
Johnson & Johnson, Miami, Florida). Final
venography (Figure 1C) and one month
ECD analysis confirmed the improvement
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of cerebral outflow; moreover a progressive
resolution of tinnitus and dizziness episodes
as well as an audiometric examination
improvement during one year follow up
(Figure 1D).

Case #2

A 54-years-old woman with fastidious
and continuous bilateral tinnitus associated
to auricular fullness (mainly in the left ear)
and monthly episodes of dizziness related
sometimes to autonomic phenomena (nau-
sea and vomiting), was subjected to an
audiometric examination (quite normal) as
well as cerebral computed tomography and
MR imaging scans (negative).

Cerebrospinal outflow ECD ultrasound
evaluation of the VV and 1JV both in supine
position and upright revealed a partial mus-
cular compression of right IJV and a com-
plete muscular compression of left [JV in J2
and J3 segments (Figure 2A) in both posi-
tions, in almost complete resolution during
Valsalva maneuver, revealing the real cal-
iber of 1JV and the absence of vascular
anomalies with a normal outflow, denoting
a type 2 of CCSVL

We decided to direct the patient to a
rehabilitative treatment for muscular com-
pression of sternocleidomastoid (SCM) and
omohyoid (OM) muscles, with the goal of a
complete muscle relaxation and a restora-
tion of physiological IJV caliber and venous
flow. After a complete cycle of rehabilita-
tive treatment, for the first time used for this
CCSVI type by our team,* we repeated
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ECD analysis observing a significant basal
reduction of muscle compression and a nor-
malized outflow through 1JVs (Figure 2B)
with a feeling of comfort for the patient due
to tinnitus progressive attenuation and
auricular fullness disappearance.

Case #3

A 28-years-old-woman with a Méniére
syndrome (MéS) diagnosed three years
prior (auricular fullness associated to tinni-
tus and frequent dizziness episodes, some-
times on a daily basis) was admitted to our
Audiology Department. Audiometric exam-
ination was normal and routine exam of
cerebral computed tomography and mag-
netic resonance imaging scans were nega-
tive. Cerebrospinal outflow ECD ultra-

sound evaluation in both supine position
and upright revealed a significant muscle
compression of both IJV in J2 and J3 seg-
ments (Figure 3A) and vascular anomalies
described as criteria 1, 3 and 4 (Figure 3B)
according to Zamboni classification.! The
1JV showed an annular constriction in J1
due to a rigid and immobile septum, so the
association of muscular and vascular anom-
alies identified a type III CCSVI. After a
complete cycle of rehabilitative treatment
for sternocleidomastoid and omohyoid
muscles relaxation, confirmed by ECD
analysis that revealed a normalized J2 and
J3 caliber and disappearance of muscle
compression, we performed a selective
venography of IJV (Figure 3C) and a bal-
loon dilation (14-mm-diameter and 40-mm-
long balloon for both IJV treatment) using a
MAXI LD dilation catheter. During the
phlebography was investigated the AV too,
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but no anomalies were revealed. Final
venography (Figure 3D) and one month
ECD assessment confirmed the normalized
cerebral outflow. All three patients received
one year follow up ECD analysis, confirm-
ing the persistent normalized cerebral out-
flow through the VV and 1JV.

Discussion

In recent years, many authors tried to
answer the question coming from
Zamboni’s initial study about CCSVI, how
these extra-cranial venous anomalies may
have pathologic consequences in the brain
and ear physiology and which role in the
common etiopathogenetic mechanism of
different pathologies: initially associated
exclusively to Multiple sclerosis (MS) and

Figure 1. Case 1: ECD analysis of VV and IJV (type 1 CCSVI, called Hydraulic). A) immobile septum in the terminal J1 segment of right
IJV (blue arrow); B) selective venography of right IJV showing the immobile septum between J1 and succlavian vein ( blue arrow) reduc-
ing considerably the caliber of the vessel and preventing the outflow of contrast medium to succlavian vein(the catheter overcomes this
segment difficulty, occluding it completely); C) selective venography of right IJV after 16/40 mm balloon dilatation showing the resolu-
tion of vessel caliber constriction, removing the obstacle and allowing contrast medium outflow in succlavian vein (blue arrow); D)
audiometry examination of the right ear (red signals) and left ear (black signals) via air and bone impulse transmission. In the left panel
(before percutaneous transluminal angioplasty), pure-tone audiometry shows a low sensorineural hearing loss on the left side (20/30 dB)
and medium sensorineural hearing loss on the right side (50/60 dB). In the right panel (after percutaneous transluminal angioplasty),
puretone audiometry shows bilateral low sensorineural hearing loss (improvement on the left and mainly on the right side).
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subsequently Parkinson or Alzheimer dis-
ease, MéS and migraine,’ as well as tran-
sient global amnesia, or retinal abnormali-
ties® leading to the creation of a position
paper with standardized noninvasive and
invasive imaging protocols for evaluating
extra-cranial venous abnormalities indica-
tive of CCSVI’ by the use of ECD images to
observe the vascular anomalies both struc-
tural and morphological as well as hemody-
namic and when feasible the use of MR
images with intravenous contrast agent
allowing the evaluation of venous outflow
abnormalities.

The key point is that these studies give
venous system right dignity, because until
now, it was been in the shadows of arterial
system, in terms of considerations and
insights in literature and clinical practice.

Moreover, the correct hunch was that, if
cerebral and ear venous system is altered, it
may have pathological impact as happen in
other districts as lower limb, especially in a
complicated district as head and neck.

The information and available data con-
firm that a correct ECD analysis by expert
operators and an adequate treatment of
extra-cranial venous anomalies may repre-
sent an effective option in many setting of
patients, because of when CCSVI is pres-
ent, in these different pathologies, it seems
to participate to the appearance and/or
increase lesions in the white matter and/or
predisposing to the associated disorder and
symptoms, altering the cerebrospinal fluid
(CSF) dynamics and brain perfusion, as
well as by promoting an excess of endolym-
phatic volume responsible of endolymphat-
ic hydrops in Méniere patients® with a spe-
cific and organ-related anomalies, because
of there is a possible disease specific typol-
ogy of abnormalities.’

Bavera et al. assessed as CCSVI may be
the common mechanism in different
pathologies as MS and M¢S, demonstrating

that not only there was a high prevalence of

these anomalies in these two populations
compared to a control population, but also
as a predisposing factor that may promote
them showing different patterns in the two
pathologies.'®

Their work underlines that neurological
and ear pathologies so different as MS and
M¢S, may have a common element as
CCSVI, taking a different form according to
the pathology: anomalies mainly related to
the J1 and J2 segments in MS patients,
while J2-J3 segments anomalies in M¢S, as
well as jugular bulb anomalies and medio-
lateral or anteroposterior position that may
determining encroachment of these struc-
tures and components.

Mandolesi et al. reported a classifica-
tion of CCSVI in three different patterns:3
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Figure 2. Case 2: ECD analysis of VV and IJVs (type 2 CCSVI, called Mechanical). A)
complete muscular compression of left IJV in J2 and J3 segments (blue arrow) with no
flow. B) significant basal reduction of muscle compression and a normalized outflow
through IJVs after complete cycle of physiotherapy treatment for sternocleidomastoid
and omohyoid muscles relaxation.

Figure 3. Case 3: ECD analysis of VV and IJVs (type 3 CCSVI, called Mixed). A) complete
muscular compression of left IJV in J2 and J3 segments (blue arrow). B) immobile sep-
tum in J1 segment determining annular constriction between J1 and succlavian vein (blue
arrow) with reduction of venous caliber and flow acceleration (in the small down image
the septum and constriction of J1 segment without Doppler flow); C) selective venogra-
phy of left IJV after a complete cycle of physiotherapy treatment for sternocleidomastoid
and omohyoid muscles relaxation, revealed a normalized vessel caliber in J2 and J3 seg-
ments, confirming the annular constriction between J1 segment and succlavian vein indi-
cated by blue arrows. D) selective venography of left IJV after 14/40 mm balloon dilata-
tion showing the resolution of vessel caliber constriction and normalized cerebral outflow
(blue arrow).
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type 1 CCSVI due to an endovascular
obstacle, called hydraulic, type 2 CCSVI
due to a muscular compression without
endovascular anomalies, called mechanical
and type 3 CCSVI presenting both endovas-
cular and extravascular anomalies, called
mixed. We propose a flow chart which may
allow (Figure 4) different treatment options
according to the CCSVI patterns: selective
venography of IJV and dilatation treatment
in case of endovascular anomalies (type 1)
as described before by our team!! and other
hospital protocols as a safe and effective
treatment in this form of anomalies'? and an
adequate rehabilitation for SCM and OM
muscles relaxation in case of mechanical
extravascular obstruction (type 2) as
described before by our team, first descrip-
tion of a conservative treatment for this
anomaly as alternative to muscular resec-
tion* and a composed treatment in case of
mixed pattern (type 3), according to ECD
images and where feasible MR images
(Table 1).

In fact, in CCSVI due to exclusively
muscular entrapment of IJV (pattern 2)
and/or in association with vascular anom-
alies (pattern 3), until recently literature
described surgical resection of OM and
SCM muscles as the only treatment
option.!314

1JV entrapment due to muscular com-
pression was related not only to ear disorder
as MéS, but recently De Bonis ef al. have
indicated the possible association with
high-pressure hydrocephalus, and enlarged
ventricles, calling this syndrome JEDI
(jugular entrapment dilated ventricles
intracranial hypertension). In this case, they
describe as the jugular decompression has
allowed a significant reduction of intracra-
nial pressure.'>

Zamboni and his team has showed sig-
nificant data about pattern 3 CCSVI treat-
ment, associating in the endophlebectomy
treatment the removal of the defective
valves with the muscle resection, achieving

I WA \ArA

so an unique combined surgical treatment to
solve both the anomalies (muscular and
vascular) and allowing a restored cerebral
ad ear outflow.'® Endophlebectomy is con-
sidered an alternative option to 1JV angio-
plasty, when vascular anomalies (intralumi-
nal defects as immobile valves, septum,
inverted valve orientation) lend themselves
to recidivism and muscular resection was
considered the only possible muscular treat-
ment, while recently our team has proposed
with success a rehabilitative treatment to

solve the muscle compression of 1IJV.

Here we describe the three different pat-
tern of CCSVI, proposing the indication to
follow for each pattern in terms of tailored
treatment approach, as indicated in our flow
chart (Figure 4). Surgical option represent
the second choice in pattern 2 and 3, if the
conservative treatment is not effective. On
the other hand, quite recently, different
venographic patterns has been used to give
tailored indication to venoplasty in case of
CCSVI associated to multiple sclerosis.!”

Fi
LIV

1o treat vascular anomalis

Figure 4. Flow chart for first describes different treatment options according to the

CCSVI patterns.

Table 1. Description step by step of rehabilitative treatment.

Procedure

The patient is invited to position himself in clinostatism, to hyperextend the neck and to turn the head to the opposite side to the muscle to

be treated (at first one side and then on the other one). We gently follow with the fingertips the anatomical position of the muscles starting
from the mastoid process up to the insertion under the sternal or clavicular bar of the involved muscles along their entire length, with a

sliding of them, pincer compressions, hyperextension, until to get a complete relaxation. After that, the patient is invited to position himself
in ortostatism and we repeat the same treatment to obtain the same result in this position.

Involved muscles

Manual decontracting path is aimed at stretching every single muscle in the neck region. Particular attention must be paid to the

sternocleidomastoid, the omohyoid, the styloid, the mylohyoid, infrahyoid, suprahyoid and digastrics muscles. The previous ECD analysis clearly
gives information about the muscle involved in the 1JV compression, the site (J1 and/or J2 and/or J3) and if the treatment should be bilateral or not

Duration
Follow up

Each treatment lasts about 60 minutes for a total of 12/15 sessions.

At the end of the established sessions, we evaluate symptoms, ECD analysis (to investigate the resolution or not of 1JV muscle compression) and

audiology examination, deciding if repeat again the treatment (if the results are not satisfactory) or recommending the patient a course of
maintenance therapy every 30 days (if the results are satisfactory) in order to maintain the achieved benefits.
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